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 ')  % #R* )?'


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SJ3K9 R P,OLA43 OL,B35)ﬀ+M+ R:=-A4/.7;1M35,N7;)ﬀ+S8=O?P/QP2)6=51C,B35)6+Q,>R
I
9#)ﬀA>R:=5=R
7 R=O?P/.021OL,B35)6+R7 R>S SUTMA4V-7;3K+CW#R:ANX>Y SJ)ﬀAB9#'
































































































R:,b7 R S R> O.35,





)ﬀ=K/SJ1C= OL35A>R SJ= O6'4'3E021 R R.',9 RDA7;1 R
?






















































R:,R= O½7 RD+#'*3K,4/<,B)ﬀ, O.= R[7 R<©35W6+ R:A Rf'*,R= O½')
II



























































R 9#)ﬀ,>R:+-,43 RD= SJ)6+;,B3 R:+-,
= OR9O.A4,43RHA4/QR:=K= Ro7 RH= O
I





R:+-,4ARH9O.A4,B3 SJ1C=R.' STO.A4Wﬀ/ R.'
?ﬂF













1CÑ,OfÔO7 RQ9#)6A4,4/ RÅh~+C3 R





























































































































































OQ9O.A4,B3 RbA4/QR:=K= Rb7 Rb= O
I
OL,BA43 S RnÎ 7 Ro8Aﬀ:SÑ-+ R:A
R.',>7;/D9 RD+#7 OL+-,R(7 RH= O7 RD+#'*3K,4/













')ﬀ+-,O:s41#',4/.'>9#)ﬀ1CAHA>R:9CA4)-7-1C35A>R= O9O.A4,B3 RA4/ R:=5=R7 R= O
I
OL,BA43 S RÎ4R:,>9#)ﬀ1MAR7-/SJA43KAR

















































3K+ R>= Or9)6A4,B/QRr7 R =O?P3K+;,>R:A O,SJ,43K)ﬀ+Z7 R= O
9O.A4,43 SJ1C=R R:,35+J;#1 R:+S R<= O7;3k'*,BA43
q




S O P,OL= RD1CA7;)635,r7;)6+S
l:,BAR R:+ O#S SJ)ﬀA 7OQPCRS{= O9#)ﬀAB,4/QR¾7 R<=@?35+-,R:A O#SJ,B35)6+½)ﬀA4,>R
?F






































































































































































R:+;, R:g-9C=53 SJ35,>RH7 R =O?P3k'*)2'9C35+Z+?P/D, OL3K,n9MA43E'
R:+ SJ)
I
9C,>R R:,>=R.' STOLABW#R.'b/:, O.3 R:+-,>AR
I
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R:+-,4A>R>= R.'!Sp)ﬀ+#',435,B1OL+-,' RD,8+ R SJ)6+;,B3 R:+-,7;)6+SOL1Sp1C+ RH9OLA O
I
/D,4A43k'O.,435)6+[7 RH=@?/.021OL,B35)ﬀ+¾7ﬂ?P/:, OL,OL1




9#/:A O.,41CA>R R:,= O7 R:+#'35,B/R7"?P/:+ RDA4Wﬀ3R
?




















 R:1Mg 7 R S R.'R9 OLA O
I






































































































































Ł#@,K Łﬀ¼6Ł =#? =M
! !
SG§ I
Łﬀ|6¼ Ł%76¼ =#? =1] =,?A@ M @ﬀ¼ﬀ¼
}
I





















OLWﬀ3K+OL3KAR 7 R= O
I

























































































)= O' RSJ,B35)6+ R SQO,S RR.'*, STC)63E'*3R SJ)
II














R = Rf'n9OLA O
I
KD,4ARf'>7;/SJAB3 P,OL+-,b= R9#)ﬀ,>R:+;,B3 R:=N+;1Sp=5/:)6+½Ib+;1Sp=5/:)6+

=R.'>' RSJ,43K)ﬀ+#' R SQO,S R.'











K:,BAR.'"'*)6+;,:SJ)ﬀ+M+ RSJ,B/.' R:,9R:1 PCR:+-,l:,BAR7;/.7;1M35,'7 R= O ,BTC/:)6A43 R7 R8A":SUÑ-+ R:A
?
¦o§ 1C,43K=53k'OL+-,7 R.'
' R SJ,43K)ﬀ+#'!R SQO#S Rf'R:,o7 R.'89#)ﬀ,>R:+-,43 RD=E'7;/:AB3 P2/.'7 R.'b7;3E',4AB3
q






















































=R.'H' RSJ,B35)6+#' R SQO,S R.'H'*)6+;,()
q
,>R:+;1 R.'RX[9OLAB,435A



















S23N7 R:1Cg[9O.A4,43 SJ1C=R.'n7-3 f"1#' RD+;,








R:+-,7 R,RD=5= R'*)6A4,Rb021 R= O>7;3E',4AB3
q
1C,B35)6+r7 R9C=51~'*3 RD1CA' SJ)ﬀ=K=53k'*35)6+#'3k7 R:+-,43E021 R.' Sp)ﬀA4A>R.'*9#)6+#7 R:+-,
































9C1C=k'*35)6+ OL1 SQO.A4A4/ R:,







  :r8£R xﬁﬀ£+	[:
F
O ' R SJ,43K)ﬀ+R SQO,S R R.',AB/.7;1C3K,RZX1C+ R' RSJ,B35)ﬀ+ R SQO#S R R<f RSJ,43PCR<9O.A
q










1C,43K)ﬀ+ h~+OL=R[7 OL+~'{=O?'R.'9O#S Rx7 R.'R9MTOﬀ' R.''*)635, R:+ O#S SJ)ﬀA 7OQPCRS= Rx9CA43K+SJ359R



































= O7 RD+#'*3K,4/>h#+O.= R7 RQ=O?'R.'9O#S R 7 R.' 9MTOﬀ' R.'nª
Í
t




































































































7 RH,4AB)ﬀ3k' W6A OL+~7 R.'9OLAB,43 Rf'
!
F






O9CA4)69OLW OL,B35)ﬀ+ 7 R.'8+;1 SJ=5/:)6+#'






R.'9CA4) S Rf'4'*1~'m7 R!Sp)ﬀ=5=K3E'35)ﬀ+~'ﬂAR:9#)2'>OL+-,
'*1MAm= R.'' RSJ,B35)ﬀ+~' R SQO,S R.'7;/:9R:+~7 OL+-,R.'N7 R8=O?P/:+ RDA4Wﬀ3R
7 RH+C)
Iq
AR:1Cg SQO.+OL1Cg R:,b'*1CAb= R
q




= O7 R.'>SJA43K9C,43K)ﬀ+[7-1½9#)ﬀ,>R:+;,B3 R:= R.'*,b7"?P1C+ RH3
I




















N)61CA SUT O#SJ1C+ 7 R.'>+C).j OL1Mg

= R.'b+;1Sp=5/:)6+#'n')ﬀ+-,
3K+C35,B3 OL=K3E'/.' R:+©)ﬀ+Sp,435)6+¨7 R = O 7;3k'*,4AB3
q
1M,435)6+ª_










SJ)6+;,BA O.35+-,R X AR:9MA4)-7;1C3KAR = R.'r9CA4)69CA43K/:,4/.'x7 R.'</:, O.,')ﬀ+~7 O
I



































































9R:1 PCR:+-,lD,4AR7;3 P-3E'/.' R:+R,BA4)ﬀ3k'WﬀA OL+#7 R.'






KD,4ARf'm7 R= OSJ)6=5=K3E'*3K)ﬀ+ 
I
O6'4' Rf' R:, SUT OLA4W,R.'





































 ? ? ?
@=E' Sp)ﬀA4A>R.'*9#)6+#7 R:+-,
X[1C+ R[7 Rf'SJAB359C,B35)ﬀ+ 7;/:, OL3K=5=5/ Rr7 R.'Q3K+;,>R:A O,SJ,43K)ﬀ+#'
?mF

























7;3k'*, OL+S RÅ7 R Sp)ﬀ=5=K3E'35)ﬀ+
? ??
 =k'















 ﬁ "   ﬁ  ﬃ)ﬀﬀﬃ 
F
)ﬀA '4021 R,4)61#'n= Rf' 9O.A O
I










9CT-jM'*3E021 RH' R7;/DA4)ﬀ1M= RH7 RH= OQ O%KJ)6+'*1M3 P,OL+-,R
!
3K+C35,B3 OL=K3E'>OL,43K)ﬀ+[7 OL+#'8=R:1CA'8/D, OL, ')ﬀ+#7 O
I










SQO.= SJ1C=!7 R.'7 RD+#'*3K,4/.'7ﬂ?35+-,R:A O#SJ,B35)6+




















P2/:AB3ih SQO.,43K)ﬀ+>9#)ﬀ1MASUT Oﬀ021 R SJ)ﬀ=K=53E'35)6+H'*3-=@?/:, O.,ﬂh#+OL= R.', OL1C,B)ﬀA43k'*/)ﬀ1+C)6+R9O.A=R
q
=5) SQO.W#R
7 R N OL1C=K3
?







R:+<)ﬀ+ SJ,43K)ﬀ+Z7 RH= O7;3k'*,BA43
q





















,>R:+;,B35)6+7 RH= O SJ)6+;h#Wﬀ1-I

























,4A OL3K,R =R.'>7;3 f"/:AR:+-,'/:, OL,'o7 R SUT OLA4W,Rr7 R.'n+-1;I
SJ=K/:)ﬀ+#'




























R.'' R SJ,43K)ﬀ+#' R SQO#S R.'>/:= O6'*,43k0G1 R.' R:,H35+C/:= Oﬀ',43E021 R.'>9#)ﬀ1MAR= Rf' SJ)6=5=53k'*3K)ﬀ+#'>9CAB)ﬀ,4)6+ Io9CA4)6,4)ﬀ+IR:,
9CAB)ﬀ,4)6+ I(+ R:1C,BA4)ﬀ+©1M,435=K3E'/QR.'R7 OL+#'<4¦o§ '*)6+;,<A>R:9CAB/.' R:+-,4/ R.'R'1CA<= Oh~Wﬀ1CA>R
=#? =,? F
Rf'' RSJ,43K)ﬀ+#'















1C,43K)ﬀ+#'7 R¾7 R:+#'35,4/ Oﬀ'4' R[', O
q






















1C+<9#)6,R:+-,43R:="7 RH'*j'</:,BA43R R:+-,4A>Rn9CAB)ﬀ,B)ﬀ+#' R:,
+ RD1C,4AB)ﬀ+#'!SJ)6A4A>R.'*9#)ﬀ+-I

















































































































7ﬂ?3E'*)Ò'*9C3K+s4)61 R 1C+ZA6= RH3 <9#)6A4, O.+;,

'*9#/SJ3 OL=R R:+-,7 OL+#'= O9CAB)-7;1SJ,B35)ﬀ+ 7 R 9 OLA4,B3 SJ1M= R.'
?ﬂF
R.'n' RSUI
,43K)ﬀ+#'R SQO#S Rf'n35+C/D= Oﬀ',43k0G1 Rf'n1C,43K=53k'*/QR.')ﬀ+-,H/:,4/ SQO.= SJ1C=K/QR.'b7 OL+~'Q= R SQO67;ARx7;1 <)-7ﬁ:=R7ﬂ?/SUT OL+CW,R
7ﬂ?1C+
q















=R.' S R:+;,BA4)  @7 R.'7 Rf' W OL1#'B'*3 RD+C+ R.'>7"?P1C+Z+C).j OL1 '*)6+;,o7;3k'*,4AB3
q
1M/.' O.=5/O.,4)635AR R:+-,


























Rﬀ<)  R:+-,>7 R  R:A <3 F
7;/:9R:+~7 7 R
= O¿7 RD+#'*3K,4/7 R=@?P/D, OL,r)ﬀ+#7 O  R:+-, O.=

















R.'3 <9M1C=E'35)ﬀ+~'8'*)6+;,1M+C3i)6A </ R:+2,7;3E',4A43
q
1C/QRf'8X=@?P3K+;,B/:A43R:1CA







7;)6+S O.A4AB3 PCR:AN0G1 Rb7 R.'+-1SJ=K/:)ﬀ+#'9CAB) SUT Rf'7 R= O>'1CA* O,S R

) =@?P/D+ R:A4W63 R9)6,R:+-,43R:=5=R









R:9R:+#7 OL+-,n=O?P/:+ RDA4Wﬀ3RH7 RH=53 OL3k'*)ﬀ+Z9OLAb+-1SJ=5/D)ﬀ+ R.'*,
,4)61.s4)ﬀ1MA'{ O.3
q














7 R.' SJ)2)6A7;)6+C+C/QR.'b7;1[+C).j OL1










O<= OLABW#R:1MA>7 Rf' W OL1#'B'*3 RD+C+ R.'n9R:1M,nl:,BAR(35+-,R:AB9CA4/:,B/QRSJ)   Rb= O9#)ﬀA4,B/QR7"?P35+-,RDA O#Sp,435)6+Z7ﬂ?P1C+ R
9O.A4,43 SJ1C=R
?











= Or= OLABW#R:1MA>7 Rf'nWCO.1#'4'3 R:+C+ R.'
R.',1C,43K=53E'/QR SJ)   R 1C+¿9O.A O  ﬁ:,4A>R<7ﬂ?-R:+-,4A4/ R)69C,43K)ﬀ+C+ RD=7;/:9R:+~7 OL+-,r7 R[= O[, OL3K=5=R<7;1Ê'jC', ﬁ R
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Physique de la cible de spallation
Operation 1:
REACTEUR




Etudes des dommages aux materiaux
dus au faisceau ou aux neutrons
Operation 4:
Physico-chimie et thermohydraulique
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